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A flexible circuit that allows a standardized connection
interface to connect flexible solar cell(s) for easy integration
into electronics devices. This interconnection scheme does
not limit the intrinsic solar cell flexibility and may conform
to standard design practices 1n electronic device manufac-
turing. In an aspect, a solar module 1s described that includes
one or more solar panels and a flexible trace or interconnect
having conductive wires inside an insulation material. In
another aspect, an electronic device 1s described that
includes a circuit board, one or more solar panels and a
flexible trace or interconnect having conductive wires nside
an 1nsulation material. The electronic device may be an
internet-of-things (IoT) device or an unmanned aerial
vehicle (UAV), for example. In yet another aspect, a lighting
module 1s described that includes one or more lighting
panels and a flexible trace or interconnect having conductive
wires 1nside an msulation material.
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VERSATILE FLEXIBLE CIRCUIT
INTERCONNECTION FOR FLEXIBLE
SOLAR CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/264,751 entitled “A VERSATILE FLEXIBL.
CIRCUIT INTERCONNECTION FOR FLEXIBLE
SOLAR CELLS TO SIMPLIFY INTEGRATION INTO
LOW-VOLTAGE ELECTRONIC DEVICE”, filed Dec. 8,
2015. The disclosures of the prior application 1is hereby
incorporated 1n its entirety by reference.

.LJ L_.LJ

BACKGROUND OF THE DISCLOSURE

Aspects of the present disclosure generally relate to
interconnections for flexible solar cells, and more specifi-
cally, to flexible interconnections that simplify integration of
flexible solar cells with electronic devices.

Photovoltaic cells, which are commonly referred to as
solar cells, are solid-state electronic devices that convert
light energy to electrical power. Because a solar cell pro-
vides clean and convenient power, the demands of integrat-
ing a solar module having such solar cells ito portable
clectronics, wearable devices, sensors, electrical appliances
and other connected devices 1s increasing. To power these
clectrical devices (e.g., end-products) a mechanism of inte-
grating flexible solar cells 1s needed. Flexible solar cells may
refer to, for example, a thin film photovoltaic cell placed on
a tlexible substrate. The flexible substrate may be made of,
for example, polyethylene terephthalate (PET), polyethylene
naphthalate (PEN), or polymide (e.g., Dupont™ Kapton®)).
This mechanism needs to be convenient, reliable, and have
a small form factor given the nature of these electrical
devices. The integration mechanism also needs to be con-
sistent with techniques used by the electronic device indus-
try and needs to allow for low-cost integration into existing,
clectronic product manufacturing while not limiting the
clectrical or mechanical properties of the flexible solar cells.

SUMMARY OF THE

DISCLOSURE

The following presents a simplified summary of one or
more aspects 1n order to provide a basic understanding of
such aspects. This summary 1s not an extensive overview of
all contemplated aspects, and 1s intended to neither 1dentity
key or critical elements of all aspects nor delineate the scope
of any or all aspects. Its purpose 1s to present some concepts
ol one or more aspects 1n a simplified form as a prelude to
the more detailed description that 1s presented later.

In an aspect, a solar module 1s described that includes one
or more solar panels, where each solar panel includes
contacts (e.g., a negative contact and a positive contact), and
a flexible trace or interconnect having an insulation material
and conductive wires. The contacts can be made of a metal
or some other contact materials such as transparent conduc-
tive oxides (TCOs), for example. The conductive wires may
be enclosed 1n the insulation material and configured to
clectrically connect the one or more solar panels to a device
external to the solar module via termination contacts. The
insulation material includes openings with electrically con-
ductive adhesive that provide electrical conductivity
between the contacts and the conductive wires.

In another aspect, an electronic device 1s described that
includes a circuit board, one or more solar panels, where
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cach solar panel includes contacts (e.g., a negative contact
and a positive contact), and a flexible trace or interconnect
having an insulation material and conductive wires. The
contacts can be made of a metal or some other contact
materials such as transparent conductive oxides (TCOs), for
example. The conductive wires may be enclosed 1n the
insulation material and configured to electrically connect the
one or more solar panels to the circuit board via termination
contacts. The insulation material includes openings with
clectrically conductive adhesive that provide electrical con-
ductivity between the contacts and the conductive wires.

In yet another aspect, a lighting module 1s described that
includes one or more lighting panels, each lighting panel
including metal (e.g., a negative contact and a positive
contact), and a flexible trace or interconnect that includes an
insulation material and conductive wires. The contacts can
be made of a metal or some other contact materials such as
transparent conductive oxides (1COs), for example. The
conductive wires may be enclosed 1n the 1insulation material
and configured to electrically connect the one or more
lighting panels to a device external to the lighting module
via termination contacts. The insulation material includes
openings with electrically conductive adhesive that provide
clectrical conductivity between the contacts and the conduc-
tive wires.

BRIEF DESCRIPTION OF THE

DRAWINGS

The appended drawings illustrate only some implemen-
tation and are therefore not to be considered limiting of
scope.

FIG. 1 1s a tlow diagram that 1llustrates an example of a
general process flow in accordance with aspects of this
disclosure.

FIG. 2 1s a diagram that 1llustrates an example of a solar
module having a single solar panel flexible trace 1n accor-
dance with aspects of this disclosure.

FIG. 3 1s a diagram that illustrates another example of a
solar module having a flexible trace with solar panels
connected 1n series 1 accordance with aspects of this
disclosure.

FIG. 4 1s a diagram that illustrates another example of a
solar module having a flexible trace with multiple solar
panels 1 accordance with aspects of this disclosure.

FIG. 5§ 1s a diagram that illustrates an example of an
clectronic device having a solar module 1n accordance with
aspects of this disclosure.

DETAILED DESCRIPTION

The detailed description set forth below in connection
with the appended drawings i1s imntended as a description of
various configurations and 1s not mtended to represent the
only configurations in which the concepts described herein
may be practiced. The detailed description mcludes specific
details for the purpose of providing a thorough understand-
ing of various concepts. However, 1t will be apparent to
those skilled 1n the art that these concepts may be practiced
without these specific details. In some mstances, well known
components are shown in block diagram form in order to
avoild obscuring such concepts.

This disclosure provides a mechanism for connecting
solar cells into matrices (e.g., geometrical arrangements of
at least one solar cell) by using flexible circuits. In this
disclosure, the terms flexible circuit, flexible trace, and
flexible interconnect may be used interchangeably to refer to
a flexible mechanism described herein for electrically con-
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necting and mechanically integrating flexible solar cells with
electronic devices. Moreover, in this disclosure, a solar
panel may refer to a single solar cell or to multiple solar cells
connected together and configured to operate as a single
solar cell. However, 1t 1s understood that the terms solar
panel and solar cell may also be used interchangeably
depending on context.

In an 1implementation, the flexible circuit may include one
or more layers, where one or more layers may include an
insulation material. At least one of the layers in the flexible
circuit may include an adhesive, resin, epoxy, acrylic, poly-
urethane, polyester, polyester-epoxy blend and/or glue layer.
The flexible circuit may include a carrier layer having a
plastic, wax, rubber, or other polymer such as a polyethyl-
ene, polyester, polyolefin, polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), and/or polyimide layer,
derivatives thereof, or combinations thereof.

Traditional solar cell interconnections use solid flat wires
that are simple to assemble and may handle high electrical
currents. These solid flat wires, however, tend to be rigid,
thick and not easily integrated for use with small electronic
devices. For thin-film flexible solar cells, traditional metal
ribbons may be a significant fraction of the overall product
height and weight. Thus, the use of traditional metal ribbons
tends to limit the end-product bend (e.g., curvature) radius
to a value that 1s greater than the intrinsic solar cell bend
radius. That 1s, the tlexibility of the solar cell cannot be fully
realized because of the limitations of the interconnect. The
solution proposed 1n this disclosure oflers a range of benefits
and advantages over traditional solar cell wiring, for which
additional details are provided below.

While the proposed solution 1s generally useful for small
solar panel/cell assemblies (e.g., less than 50 W of maximum
power with currently available flexible circuit technology)
suitable for low-power direct current (DC) electronics such
as portable electronics, sensors and wearable electronics,
with appropriate configuration the proposed solution 1s
extendible to many fields where a flexible form factor is
important including integrating tlexible solar cells into auto-
mobiles, aircrait and building structures.

In addition, while the present disclosure proposes a solu-
tion applicable to solar cells 1n electronic end-products, a
same or similar approach may be used for electronic end-
products or devices that are used as sources of light. For
example, a flexible interconnect may be used for connecting
and integrating one or more lighting panels (e.g., one or
more thin-film-based light emitting diodes (LEDs) panels or
sections) to an electronic device. In an aspect, when multiple
lighting panels are used, a first subset of the lighting panels
may generate light characterized by a first wavelength (e.g.,
a first light color) and a second subset of the lighting panels
may generate light characterized by a second wavelength
(e.g., a second light color).

In another aspect of the present disclosure, an electronic
device may have one or more solar panels connected via a
first flexible interconnect and one or more lighting panels
connected via a second flexible interconnect, where both the
first flexible interconnect and the second flexible intercon-
nect are based on the description presented herein.

As described above, the present disclosure provides ben-
cfits and advantages over existing solutions. For example,
the flexible circuits, traces, or interconnects described herein
allow the end-product to maintain the intrinsic flexibility of
the assembly, package, or module including panels of tlex-
ible thin-film solar cell(s). This allows the final solar cell
package to be reliability integrated into a wider range of
end-products.
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In another aspect of the present disclosure, the positive
clectrode (p-electrode) and negative electrode (n-electrode)
leads of the flexible circuit may be placed at arbitrary
locations based on the end-product requirements indepen-
dent of the locations of the electrodes or contacts (e.g., metal
or TCO contacts) on the solar panels. Thus, 1n those cases
where there are several interconnected solar panels, tradi-
tional ribbon routing may be skipped.

In yet another aspect of the present disclosure, the pads
for n-electrodes and p-electrodes may be placed nearby to
cach other even when separate on the solar panel. The
termination electrodes may be any standard semiconductor
connector that may be integrated into a flexible circuit. An
example of such a semiconductor connector 1s a male zero
insertion force (ZIF) connector. It 1s to be understood that
other types of semiconductor connectors may also be used.

The flexible circuit, trace, or interconnect technology
described in this disclosure may be used for other electronic
components such as active matrix displays, touchpads, key-
boards that allow for easier integration 1nto a wide range of
end-product electronic devices. Moreover, this technology
simplifies itegration and reduces cost by eliminating the
need for msulation when the flexible circuit pad layout and
the solar panel metal contacts are properly aligned.

In yet another aspect of the present disclosure, solar
panels/cells with different properties including their shape,
clectronic structure, type of tlexible substrate, material com-
position as well as the location of the electrical contacts may
be used interchangeably within a given end-product given
the correct flexible circuit design. Moreover, multiple solar
panels/cells may be interconnected 1n series and/or parallel
using the same flexible circuit that provides the electrical
contacts for integration.

As discussed above, the present solution provides for a
solar module for flexible solar interconnection. The solar
module 1includes one or more solar panels (e.g., one or more
solar cells), where each solar panel includes contacts (e.g.,
a negative contact and a positive contact). The contacts can
be made of a metal or some other contact materials such as
transparent conductive oxides (1COs), for example. There-
fore, i this disclosure, a reference to a metal contact may be
interpreted to also be a reference to any type of conductive
contact such as conductive oxides, including TCOs. The
solar module also includes a flexible circuit, trace, or inter-
connect having an msulation material and conductive wires.
The conductive wires may be enclosed in the insulation
material and configured to electrically connect the one or
more solar panels to a device external to the solar module
(e.g., an end-product device) via termination contacts. The
insulation material includes openings with conductive adhe-
sive that provide electrical conductivity between the metal
contacts and the conductive wires.

The present solution also provides for an electronic device
that uses flexible solar interconnection. The electronic
device mcludes a circuit board and one or more solar panels
(e.g., one or more solar cells), where each solar panel
includes metal contacts (e.g., a negative metal contact and a
positive metal contact). The electronic device also includes
a flexible circuit, trace, or interconnect having an isulation
material and conductive wires. The conductive wires may be
enclosed in the isulation material and configured to elec-
trically connect the one or more solar panels to the circuit
board via termination contacts. The insulation material
includes openings with conductive adhesive that provide
clectrical conductivity between the metal contacts and the
conductive wires. The circuit board may include circuitry for
processing the output of the solar panels. For example, the
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circuit board may include circuitry for converting the output
of the solar panels into a DC voltage/current for charging a
storage device (e.g., a battery) or for operating other aspects
of the electronic device.

The present solution also provides for a lighting module
for tlexible light source interconnection. The lighting mod-
ule may include one or more lighting panels (e.g., one or
more LED panels), where each lighting panel includes metal
contacts. The lighting module may also include a flexible
circuit, trace, or mterconnect having an insulation material
and conductive wires enclosed in the insulation material and
configured to electrically connect the one or more lighting
panels to a device external to the lighting module wvia
termination contacts. The insulation material may include
openings with conductive adhesive that provide electrical
conductivity between the metal contacts and the conductive
wires.

The proposed solar module, electronic device, and light-
ing module are diflerent from existing solutions 1n that the
conductive wires are enclosed 1n an 1nsulation material and
not 1 a cell encapsulation layer. Moreover, the flexible
circuit, trace, or interconnection in the solar module and the
clectronic device are fabricated separate and before assem-
bly. Instead, existing solutions place interconnects on a solar
module during the assembly process.

The proposed solar module, electronic device, and light-
ing module are different from existing solutions that claim to
employ flexible interconnects for inter-cell connection or for
cell-external circuitry connection. These types of flexible
interconnects, however, are similar to conventional copper
(Cu) nbbon and other solid flat wires, which limit the
flexibility of using thin-film flexible solar cells.

The various implementations and embodiments of the
proposed solar module and electronic device include one or
more of flexible thin-film photovoltaic panel(s), a tlexible
circuit, conductive adhesive, and termination contacts. Addi-
tional details of each are provided below. Implementations
and embodiment of the proposed lighting module may use
similar elements with flexible light sources being used
instead of tlexible solar panels.

For the solution proposed 1n the present disclosure, one or
more flexible thin-film photovoltaic panels (e.g., solar
panel(s)) may be used. As described above, a single solar
panel may include one or more photovoltaic cells (e.g., solar
cells); however, the terms solar panels and solar cells may be
used iterchangeably 1n some contexts. The negative contact
(n-contact) and the positive contact (p-contact) for each
solar panel may be on the front or back of the solar panel.
The position of the n-contact and the p-contact on a solar
panel need not affect the end-product. Instead, the shape and
construction of the flexible circuit may be more of a con-
sideration regarding the overall curvature that can be pro-
vided for the end-product.

The front side of the solar panel may be the side that 1s
illuminated for the solar panel to produce electrical power.
In the case of bi-facial solar panels (e.g., two sides are used
to produce electrical power), the front side of the solar panel
may be considered to be the one that generates the most
power when directly illuminated at a normal 1ncidence.

For the solution proposed in the present disclosure, a
flexible circuit, also referred to as a flexible trace, a flexible
trace mterconnect, a flexible interconnect, or simply as a flex
circuit, may be immplemented that suts a particular end-
product and the specific types (e.g., shape, size, spectral
characteristics) of solar panels used. The tlexible circuit may
include an insulation material within which conductive
wires (e.g., electrical traces) may be disposed.
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The tlexible circuit 1s configured to connect to the nec-
essary solar panel(s) for the end-product and provide stan-
dardized connection pads for mtegration into the end-prod-
uct. It solar panels are interconnected 1n series then multiple
clectrical traces may be required within the flexible circuat.
For example, for each (IN) solar panels connected 1n series,

(N+1) discrete electrical traces may be needed 1n the flexible
circuit.

For the flexible circuit, consideration 1s to be given in the

design and selection of the electrical traces, pads and con-
ductive adhesives to ensure the series resistance limit of the
solar panel 1s not exceeded.

For the flexible circuit, pad openings may be made 1n the
flexible circuit to interconnect to the solar panels and their
metal contacts. Moreover, pad openings may be made 1n the
tflexible circuit to connect to the end-product or attach one or
more standardized connectors.

A conductive adhesive (or simply adhesive) used 1n
connection with the present solution may be a conductive
paste, solder paste, ink, solder preform, conductive adhesive
preform depending on the specifics of the solar panel
material and the resistance requirements for the end-prod-
uct’s operating parameters.

As described above, termination contacts may be used to
connect the solar panels 1 the solar module to the end-
product or the solar panels 1n an electronic device to a circuit
board of the electronic device, the electronic device being
the end-product in such a case. The termination contacts
may be part of the flexible circuit (e.g., a male-ZIF connec-
tor) or may be attached to the flexible circuit. In some
implementations, the termination contacts may include pads
for connecting to an external device or a circuit board. For
low-voltage applications, the termination contacts may
include one n-contact and one p-contact independent of the
number of solar panels 1n the overall solution.

FIG. 1 1s a flow diagram 100 that i1llustrates an example
of a general process flow 1n accordance with aspects of this
disclosure. Aspects of the flow diagram 100 may be taken
together or separate. For example, some aspects of the flow
diagram 100 may involve the implementation of certain
configuration or design considerations and other aspect of
the flow diagram 100 may involve the implementation of
assembly and fabrication considerations. The solutions
offered by the configuration considerations, the assembly
and fabrication considerations, or both, are different from
other existing solutions to similar situations at least for the
reasons provided herein.

At block 102, a determination 1s made of the electrical
resistance limit of the solar panels 1n a solar module or
clectronic device, a pad opening size, and a location of one
or more pad openings in a flexible circuit. This determina-
tion 1s taken into consideration for the configuration of the
clectrical and physical attributes (e.g., length, number of
solar panels) of a flexible circuit, trace, or interconnect as
well as the operating conditions (e.g., temperature, incident
light spectrum (wavelengths), incident light intensity) of the
end product.

At block 104, a flexible circuit may be configured, at least
based on the determination 1n block 102, for a specific type
of solar panels and a particular end-product. The type
associated with a solar panel may be based on the material
of the solar panel (e.g., III-V semiconductor materials), a
size of the solar panel, a shape of the solar panel, or a
combination. The configuration of the flexible circuit may
include the location of one or more tabs extending from an
clongated portion of the flexible circuit, where the one or
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more tabs include the pad openings for connecting the metal
contacts of the solar panels to conductive wires in the
flexible circuat.

At block 106, a flexible circuit may be implemented (e.g.,
manufactured, fabricated, assembled) according to the con-
figuration or design adopted 1n block 104.

At block 108, pad openings are cut or made in the flexible
circuit (e.g., cut on an isulation material of the flexible
circuit) as needed based on the configuration of the tlexible
circuit.

At block 110, a conductive adhesive may be applied to the
solar panel contacts (e.g., metal contacts) and/or to the
flexible circuit pads.

At block 112, the solar panel(s) to be connected are
aligned to the flexible circuit and held in place. In some
implementations, when multiple solar panels are to be
included 1n the solar module or electronic device, and when
the multiple solar panels are positioned to either side of an
clongated portion of the flexible circuit, the solar panels on
one side may be aligned with the solar panels on the other
side or the solar panels on one side may be misaligned (e.g.,
staggered) relative to the solar panels of the other side.

At block 114, the combination of the solar panel(s) and
the tlexible circuit may be cured according to the conductive
adhesive’s requirement to provide a suitable electrical and
mechanical connection between the solar panel(s) and the
tflexible circuit.

At block 116, termination contacts may be attached to the
flexible circuit. In some implementations, the termination
contacts may be 1n the form of a connector such as a ZIF
connector. In other implementations, the termination con-
tacts may be in the form of electrical pads.

At block 118, the flexible circuit may be provided for
connection to an end-product. For example, mn a solar
module, the flexible circuit may be provided for connection
to an external electronic device. In another example, for an
clectronic device, the tlexible circuit may be provided for
connection to a circuit board of the electronic device.

FIG. 2 1s a diagram that illustrates an example of a solar
module 200 having a single solar panel flexible trace in
accordance with aspects of this disclosure. The solar module
200 1ncludes a flexible circuit or flexible trace 210 having an
clongated portion 212 and two tabs 214, 216 extending from
one side of the elongated portion 212 (e.g., from one side
along the length of the elongated portion 212). The solar
module 200 also includes a solar panel 230. The solar panel
230 may also be referred to as a solar cell 230. The solar
panel 230 may include a single solar cell or may include
multiple solar cells connected together to effectively operate
as a single solar cell.

The solar panel 230 includes a negative contact (n-con-
tact) identified by the letter “n” and aligned/collocated with
a pad opening 232 1n the flexible circuit 210. The solar panel
230 also includes a positive contact (p-contact) identified by
the letter “p” and aligned/collocated with a pad opening 236
in the tlexible circuit 210.

The n-contact 1s electrically connected to electrical trace
220 1n the flexible circuit 210 via a conductive adhesive
placed between a pad 234 connected to the electrical trace
220 and the n-contact. The electrical trace 220 may be a
conductive wire disposed within an insulation material of
the flexible circuit 210. The conductive adhesive may also
provide structural or mechanical connection between the
area of the solar panel 230 around the n-contact and the tab
214.

The p-contact 1s electrically connected to electrical trace
218 in the flexible circuit 210 via a conductive adhesive
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placed between a pad 238 connected to the electrical trace
218 and the p-contact. The electrical trace 218 may be a
conductive wire disposed within an insulation material of
the flexible circuit 210. The conductive adhesive may also
provide structural or mechanical connection between the
area of the solar panel 230 around the p-contact and the tab
216.

The solar module 200 may also include a termination
contact 240. The termination contact 240 may be electrically
connected to the electrical traces 218, 220 1n the flexible
circuit 210. In some 1mplementations, the termination con-
tact 240 may be a male ZIF connector.

In one immplementation, the solar module 200 may be
characterized as having a single solar panel or cell (e.g.,
solar panel 230), having contact positions on the front of the
solar panel, and a male ZIF connector. Front contact may
refer to having As shown 1n FIG. 2, this implementation uses

a single solar panel and a single flexible circuit with two (2)
clectrical traces (218, 220). The flexible circuit 210 1s
configured such that the electrical traces do not cross or
overlap. As described above, the tlexible circuit 210 includes
pad openings 232 and 236 that are made or cut on the back
of the flexible circuit 210 and that are aligned or collocated
with the front metal contacts of the solar panel 230. The
termination contact 240 of the flexible circuit 210 provides
a negative termination contact and a positive termination
contact that are next to each other to meet the specification
of, for example, a 2-contact male ZIF connector.

FIG. 3 1s a diagram that 1llustrates an example of a solar
module 300 having a flexible trace with solar panels con-
nected 1n series 1n accordance with aspects of this disclosure.
The solar module 300 includes a tlexible circuit or tlexible
trace 310 having an elongated portion 312 and two tabs 314,
316 extending from a first side of the elongated portion 312
(e.g., Irom a first side along the length of the elongated
portion 312), and another two tabs 318, 320 extending from
a second side of the elongated portion 312 (e.g., from a
second side along the length of the elongated portion 212).

The solar module 300 also includes a solar panel 330
positioned to the first side of the elongated portion 312 and
a solar panel 340 positioned to the second side of the
clongated portion 312. The solar panels 330, 340 may also
be referred to as solar cells 330, 340. Each of the solar panels
330, 340 may include a single solar cell or may include
multiple solar cells connected together to effectively operate
as a single solar cell.

The solar panel 330 includes a negative contact (n-con-
tact) identified by the letter “n” and aligned/collocated with
a pad opening 332 1n the flexible circuit 310. The solar panel
330 also includes a positive contact (p-contact) identified by
the letter “p” and aligned/collocated with a pad opening 336
in the flexible circuit 310.

The n-contact 1s electrically connected to electrical trace
326 in the flexible circuit 310 via a conductive adhesive
placed between a pad 334 connected to the electrical trace
326 and the n-contact. The electrical trace 326 may be a
conductive wire disposed within an insulation material of
the flexible circuit 310. The conductive adhesive may also
provide structural or mechanical connection between the
area of the solar panel 330 around the n-contact and the tab
314.

The p-contact 1s electrically connected to electrical trace
322 1n the flexible circuit 310 via a conductive adhesive. The
clectrical trace 322 may be a conductive wire disposed
within an 1nsulation material of the flexible circuit 310. The
conductive adhesive may also provide structural or mechani-
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cal connection between the area of the solar panel 330
around the p-contact and the tab 316.

The solar panel 340 includes a negative contact (n-con-
tact) identified by the letter “n” and aligned/collocated with
a pad opening 344 1n the flexible circuit 310. The solar panel
340 also 1includes a positive contact (p-contact) identified by
the letter “p” and aligned/collocated with a pad opening 342
in the flexible circuit 310.

The n-contact 1s electrically connected to electrical trace
322 in the flexible circuit 310 via a conductive adhesive. As
described above, the electrical trace 322 1s also connected to
the p-contact of the solar panel 330. The conductive adhe-
stve may also provide structural or mechanical connection
between the area of the solar panel 340 around the n-contact
and the tab 320.

The p-contact 1s electrically connected to electrical trace
324 in the flexible circuit 310 via a conductive adhesive. The
clectrical trace 324 may be a conductive wire disposed
within an msulation material of the flexible circuit 310. The
conductive adhesive may also provide structural or mechani-
cal connection between the area of the solar panel 340
around the p-contact and the tab 318.

The solar module 300 may also include a termination
contact 350. The termination contact 350 may be electrically
connected to the electrical traces 324, 326 in the flexible
circuit 310. In some implementations, the termination con-
tact 350 may include two termination pads 352, 354, which
are respectively connected to the electrical traces 326, 324.
In an example, the termination pads 352, 354 may be solder
pads.

In one mmplementation, the solar module 300 may be
characterized as having multiple, series-connected solar
panels or cells (e.g., solar panels 330, 340), front n-contact
and rear p-contact configuration for connecting to the solar
panels, and solder pads for connectors. Front contact may
refer to contact being made to the front side of the solar
panel and back contact may refer to contact being made to
the back side of the solar panel. For front contact to a solar
panel the pad opening 1s cut or made on the back of the
flexible circuit, and for back contact to a solar panel the pad
opening 1s cut or made on the front of the flexible circuat.

As shown 1n FIG. 3, this implementation uses multiple
solar panels for connection to a single end-product. The
flexible circuit 310 may include as many layers as necessary
to iterconnect all the solar panels with the end-product. A
single layer flexible circuit 310 may be used when there 1s
no need for the electrical traces (e.g., electrical traces 322,
324, and 326) within the flexible circuit 310 to cross each
other. As shown 1n FIG. 3, the flexible circuit 310 has pad
openings on the back for the n-contacts (e.g., pad openings
332 and 344), and on the front for the p-contacts (e.g., pad
openings 336 and 342). In this regard, also as shown 1n FIG.
3, the tabs 314 and 320 are positioned over the solar panels,
while the tabs 316 and 318 are positioned (or folded) under
the solar panels. The flexible circuit 310 may also include
pad openings that are aligned or collocated with the solder
pads 352, 354 to provide negative and positive termination
contacts for the end-product.

FIG. 4 1s a diagram that illustrates an example of a solar
module 400 having a flexible trace with multiple solar
panels 1n accordance with aspects of this disclosure. The
solar module 400 1ncludes a tlexible circuit or flexible trace
410 having a first elongated portion 412 and a second
clongated portion 414 extending from a side of the first
clongated portion 412. The first elongated portion 412 has a
varying width along 1ts length to accommodate connections
to multiple solar panels. The wider portion of the first
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clongated portion 412 corresponds to the portion having a
larger number of connections between the flexible circuit
410 and the solar panels.

The solar module 400 includes multiple solar panels 420,
430, 440, 450, and 460. As shown 1n FIG. 4, the solar panels

may have different sizes and/or shapes. The solar panels may
also be referred to as solar cells. Each of the solar panels
may 1nclude a single solar cell or may include multiple solar
cells connected together to effectively operate as a single
solar cell.

Each of the solar panels 1n FIG. 4 includes a negative
contact (n-contact) 1dentified by the letter “n” and a positive
contact (p-contact) 1dentified by the letter “p”. For the solar
panel 420, the n-contact 1s aligned/collocated with a pad
opening 422 in the flexible circuit 410 and the p-contact 1s
aligned/collocated with a pad opening 424. For the solar
panel 430, the n-contact 1s aligned/collocated with a pad
opening 432 1n the flexible circuit 410 and the p-contact 1s
aligned/collocated with a pad opening 434. For the solar
panel 440, the n-contact 1s aligned/collocated with a pad
opening 442 1n the flexible circuit 410 and the p-contact 1s
aligned/collocated with a pad opening 444. For the solar
panel 450, the n-contact 1s aligned/collocated with a pad
opening 4352 1n the flexible circuit 410 and the p-contact 1s
aligned/collocated with a pad opening 454. For the solar
panel 460, the n-contact 1s aligned/collocated with a pad
opening 462 in the flexible circuit 410 and the p-contact 1s
aligned/collocated with a pad opening 464.

The various solar panels 1n the solar module 400 are
connected by several electrical traces as shown i FIG. 4.
These electrical traces are connected 1n such a way that the
output of the solar module 400 1s two (2) electrical traces
416, 418 that connect to a termination contact 470. The
termination contact 470 may be a ZIF connector, for
example.

In one implementation, the solar module 400 may be
characterized as having solar panels or cells (e.g., solar
panels 420, 430, 440, 450, and 460) of different sizes and/or
shapes connected 1n series and parallel, rear n-contact and
rear p-contact configuration for connecting to the solar
panels, and a male ZIF connector. As shown 1n FIG. 4, this
implementation 1s a non-limiting example for connecting
solar panels of different sizes and/or shapes to an electronic
end-product. An aspect of this implementation 1s that the
solar panels connected 1n series may be configured to have
the same operating current. For example, 11 a first solar panel
(A, 450) and a second solar panel (B, 460) are connected 1n
parallel and these two solar panels are then connected to a
third solar panel (C, 430) 1n series, then the electrical current
through the third solar panel (I-) 1s the sum of the electrical
currents through the first and second solar panels (I, I5).

In this mmplementation, the flexible circuit 410 may
include as many layers as necessary to interconnect all the
solar panels with an end-product. A single layer flexible
circuit 410 may be used when there 1s no need for the
clectrical traces within the flexible circuit 410 to cross each
other. As shown 1n FIG. 4, the flexible circuit 410 has pad
openings on the front for the n-contacts (e.g., pad openings
422, 432, 442, 452, and 462), and on the front for the
p-contacts (e.g., pad openings 424, 434, 444, 454, and 464).
The termination contact 240 of the flexible circuit 210
provides a negative termination contact and a positive
termination contact that are next to each other to meet the
specification of, for example, a 2-contact male ZIF connec-
tor. Moreover, multiple flexible circuits 410 may be used 1t
required for a specific end-product.
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FIG. 5§ 1s a diagram that illustrates an example of an
clectronic device 500 having a solar module 1n accordance
with aspects of this disclosure. In this example, the elec-
tronic device 500 may be, for example, a portable electronic
device, a sensor, a wearable electronic device, or the like. In
one example, the electronic device 500 may be an internet-
of-things (IoT) device or part of an IoT device. In another
example, the electronic device 500 may be an unmanned
aerial vehicle (UAV) or part of an UAV.

The electronic device 500 may include a solar module.
For purposes of illustration, the solar module 1n this example
may be the solar module 200 of FIG. 2. Other solar modules,
however, may also be used such as the solar modules 300
and 400 1n FIGS. 3 and 4, respectively.

The electronic device 500 may also include a circuit board
520 with a connector 522 configured to enable an electrical
and mechanical connection between the solar module 200,
and more specifically the flexible circuit 210 of the solar
module 200, and the circuit board 520. The connector 522
may be configured to complement the termination contact
240. For example, i1 the termination contact 240 1s a male
ZIF connector, the connector 552 may be a female ZIF
connector. The circuit board 520 may include one or more
clectronic components (not shown), imncluding at least one
clectronic component configured to convert the output of the
solar module 200 into a DC voltage/current for charging a
storage device (e.g., a battery) or for operating other aspects
of the electronic device 500. The circuit board 520 may
optionally include at least one processor and at least one
memory or data storage device.

While the examples described 1n connection with FIGS.
2-5 relate to solar modules and electronic devices including
solar modules, similar components, techniques, or 1mple-
mentations may be applied to light-emitting (lighting) mod-
ules and electronic devices including lighting modules. For
example, 1n FIG. 2 the solar panel 230 may be a lighting
panel (e.g., a light-emitting panel) configured to produce or
generate one or more wavelengths of light when connected
to an end-product. Stmilarly, the solar panels in FIGS. 3-5
may be lighting panels instead. In these implementations,
the electrical resistance of the conductive wires, the pad
opening size, the location of the pad openings, or a combi-
nation thereof, may be taken into consideration to configure
the appropnate flexible circuit, trace, or interconnect for a
particular end-product.

Although the present disclosure has been provided in
accordance with the implementations shown, one of ordi-
nary skill in the art will readily recognize that there could be
variations to the embodiments and those variations would be
within the scope of the present disclosure. For example, the
metal contacts on either the front side and/or the back side
of a device may be replaced by a highly conductive yet
transparent or semi-transparent layer, for example a trans-
parent conductive oxide and that would be within the scope
of the present disclosure. Accordingly, many modifications
may be made by one of ordinary skill in the art without
departing from the scope of the appended claims.

What 1s claimed 1s:

1. A solar module, comprising:

a solar panel including contacts; and

a flexible trace including:

an insulation material that forms multiple tabs; and

conductive wires enclosed in the insulation material
and configured to electrically connect the solar panel
to a device external to the solar module via termi-
nation contacts of the solar module positioned at one
end of the flexible trace, wherein the insulation
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material includes openings with electrically conduc-
tive adhesive that provide electrical conductivity
between the contacts of the solar panel and the
conductive wires, the multiple tabs of the insulation
material being positioned to overlap the contacts of
the solar panel and the openings i1n the insulation
material being located 1n the multiple tabs.

2. The solar module of claim 1, wherein the flexible trace
1s configured to provide electrical and mechanical connec-
tivity between the solar panel and the device.

3. The solar module of claim 1, wherein the solar panel
includes one or more solar cells.

4. The solar module of claim 1, wherein the solar panel
includes a positive contact and a negative contact.

5. The solar module of claim 1, wherein the termination
contacts include a zero insertion force (ZIF) connector
clectrically connected to the conductive wires, the ZIF
connector configured to provide electrical and mechanical
connectivity between the solar module and the device.

6. The solar module of claim 1, wherein the flexible trace
includes an elongated, flexible portion from which the
multiple tabs extend, and wheremn the multiple tabs are
positioned along the elongated portion to overlap the con-
tacts of the solar panel.

7. The solar module of claim 1, wherein the solar panel 1s
a thin film flexible solar panel.

8. The solar module of claim 1, wherein the solar panel 1s
a thin-film flexible solar panel made of semiconductor
materials.

9. An electronic device, comprising:

a circuit board:;

a solar panel including contacts; and

a flexible trace including:

an insulation material that forms multiple tabs; and

conductive wires enclosed in the insulation material
and configured to electrically connect the solar panel
to the circuit board via termination contacts posi-
tioned at one end of the flexible trace and coupled to
a connector of the circuit board, wherein the 1nsula-
tion material includes openings with electrically con-
ductive adhesive that provide electrical conductivity
between the contacts of the solar panel and the
conductive wires, the multiple tabs of the mnsulation
material being positioned to overlap the contacts of
the solar panel and the openings i1n the insulation
material being located 1n the multiple tabs.

10. The electronic device of claim 9, wherein the flexible
trace 1s configured to provide electrical and mechanical
connectivity between the solar panel and the circuit board.

11. The electronic device of claim 9, wherein the solar
panel includes one or more solar cells.

12. The electronic device of claim 9, wherein the solar
panel 1includes a positive contact and a negative contact.

13. The electronic device of claim 9, wherein the termi-
nation contacts include a zero insertion force (ZIF) connec-
tor electrically connected to the conductive wires, the ZIF
connector configured to provide electrical and mechanical
connectivity between the solar module and the circuit board.

14. The electronic device of claim 9, wherein the flexible
trace mcludes an elongated, flexible portion from which the
multiple tabs extend, and wheremn the multiple tabs are
positioned along the elongated portion to overlap the con-
tacts of the solar panel.

15. The electronic device of claim 9, wherein the solar
panel 1s a thin film flexible solar panel made of III-V
semiconductor materials.
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16. The electronic device of claim 9, wherein the elec-
tronic device 1s:
an 1nternet-of-things (IoT) device, or
an unmanned aerial vehicle (UAV).
17. A lighting module, comprising: 5
a lighting panel including contacts; and
a flexible trace including:
an insulation material that forms multiple tabs; and
conductive wires enclosed in the insulation material
and configured to electrically connect the lighting 10
panel to a device external to the lighting module via
termination contacts of the lighting module, wherein
the insulation material includes openings with elec-
trically conductive adhesive that provide electrical
conductivity between the contacts and the conduc- 15
tive wires, the multiple tabs of the insulation material
being positioned to overlap the contacts of the one or
more solar panels and the openings 1n the msulation
material being located 1n the multiple tabs.
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